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ABSTRACT   
The purpose of this study is the assembly and characterization of a custom-made non-linear microscope. The microscope 
allows the adjustment for in vitro, in vivo and ex vivo imaging of biological samples. Two galvanometer mirrors 
conjugated by two spherical mirrors are used for the lateral scan and for the axial scan a piezoeletric stage is utilized. The 
excitation is done using a tunable femtosecond Ti: Sapphire laser. The light is focused in tissue by an objective lens 20X, 
water immersion, numerical aperture of 1.0, and working distance of 2.0 mm. The detection system is composed by a cut 
off filter that eliminates laser light back reflections and diverse dichroic filters can be chosen to split the emitted signal 
for the two photomultiplier detector. The calibration and resolution of the microscope was done using a stage micrometer 
with 10 µm divisions and fluorescent particle slide, respectively. Fluorescence and second harmonic generation images 
were performed using epithelial and hepatic tissue, the images have a sub-cellular spatial resolution. Further 
characterization and differentiation of tissue layers can be obtained by performing axial scanning. By means of the 
microscope it is possible to have a three dimensional reconstruction of tissues with sub-cellular resolution.  
Keywords: custom-made non-linear microscope, fluorescence, second harmonic generation, skin, liver, chorioallantoic 
membrane;  
 
 
*prata@ifsc.usp.br; cepof.ifsc.usp.br/ 
1. INTRODUCTION  
 
In Biology and Medicine, an accurate diagnosis of the morphological and metabolic conditions of a tissue and/or an 
organ is essential to define the presence of pathological changes, and to evaluate the response during some 
treatment. In this sense, the use of optical techniques for imaging is an excellent alternative for this purpose [1-3]. It 
is a non-invasive diagnostic procedure with cellular resolution and provides an almost instantaneous response. The 
use of nonlinear optical techniques such as fluorescence due two-photon absorption is one example of optical 
technique where we obtain images of living tissue with spatial resolution at cellular level. The main microscopy 
technique based on nonlinear optics is the fluorescence microscope due two-photon absorption. High-energy 
intensity is required to occur simultaneous absorption of two photons, so that is necessary confine the light spatially 
and temporally. Thus, microscopy by two-photon absorption applied to biological systems only became possible 
through the development of ultra-short pulse lasers (femtosecond range) [4]. Where high intensity energy is confined 
in a short period that enables the use of low intensity lasers with average power that do not cause tissue damage. The 
two-photon absorption occurs only at the focal point where the system has a spatial confinement of light during the 
emission peak of the laser [4-6]. Nonlinear microscopy is mainly an alternative to confocal microscopy and offers 
distinct advantages for fluorescence imaging three-dimensional [4, 7, 8]. One of the advantages is deeper images due 
to less scattering and absorption of used light in biological tissue. The technique of non-linear optical microscopy is 
already well-established, however there are few commercial systems which allows to obtain images of in vitro and 
in vivo animal and human tissue [9, 10]. Besides, the majority of current commercial microscopes only performs 
images of cell culture (in vitro) or biopsies (ex vivo), thus it not allow the real-time inquiry important phenomena 
which occurs in more complex living systems. 
Therefore, this study presents the development of a nonlinear optical microscope, customized to acquire images in 
function of two-photon absorption of in vitro, ex vivo and in vivo samples. This article aims to describe the assembly 
of a complete upright nonlinear optical microscope able to perform images of fluorescence due to two-photon 
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absorption, and second harmonic generation (SHG) in tissues and organs. It is a more cost-effective and flexible 
system with a self-developed software for operation and data acquisition. The calibration, characterization and first 
tests with biological samples were done and will be discussed. The homemade microscope proved to be able to 
obtain images of biological tissues with cellular resolution. 
 
2. MATERIAL AND METHODS 
Custom-built laser scanning microscope: 
 
An optical microscope that obtains fluorescence images from the two-photon absorption is fundamentally composed of 
the following components: an ultrashort pulse laser, a scanner system, an objective lens and acquisition system. 
The pulse laser used is a Ti:Sapphire Laser (Chameleon Vision II, Coherent Inc., Palo Alto, CA, USA) that provides the 
excitation light tunable in wavelength from 680 to 1080 nm.  The temporal pulse width is 120 fs with 80 MHz of 
repetition rate. In this case, the lateral scanning system is composed by two galvanometer mirrors (Model VM 
500plus Moving Magnet Closed Loop Galvo, Cambridge Technology, Lexington, USA), rotated upon orthogonal pivots 
and coupled by a pair of spherical mirrors (50mm FL Protected Aluminum, NT43-466, Edmund Optics, USA). The axial 
scan is performed by piezoeletric stage (P-721 PIFOC® Piezo Flexure Objective Scanner, PI Physik Instrumente GmbH 
Co., Karlsruhe, Germany). The objective used was an Olympus XLUMPLFN20X, Super 20X, water immersion, 
numerical aperture of 1.0, and working distance of 2.0 mm (Olympus, Tokyo, Japan). The signals are collected in the 
non-descanning mode through a dichroic filter (685DCXRU Chroma Tech. Corp.,VT, USA) with 685 nm cut off 
wavelength, positioned as close as possible to the objective lens mount. Then the light is separated by a dichroic filter 
and record by two photomultiplier tube modules (PMT Module H9305-03, Hamamatsu, Japan). For SHG and 
autofluorescence, it is used a short pass filter (E700sp-2p, Chroma Tech. Corp.,VT, USA) and a dichroic mirror at 565 
nm (565dcxru, Chroma Tech. Corp.,VT, USA). A custom made electronic to amplifier and integrate the signal was 
made, following the signal is read through DAQ acquisition board (BNC-2021 and PCI-6259, National Instruments, 
Austin, TX, USA)  connected into desktop computer. A LabView (National Instruments, Austin, TX, USA) customized 
software fully controls the galvanometer mirrors, piezoeletric stage and generate an image by reading the signal from the 
custom-made electronics. The images are processed using Image J software (National Institute of Health, USA), the 
contrast are enhanced, and a Gaussian blur filter and false color are applied. The optics are assembly onto a vertical 
honeycomb steel breadboard. This configuration enables a more flexible customization for diverse samples.   
 
Calibration and Resolution: 
  
The calibration of the microscope was done with a calibration graded target (R1L3S2P, Thorlabs, Newton, NJ, USA), 
this calibration allows to correlate the voltage applied to galvanometer mirrors with the distance scanned in the image.  
For the resolution of the microscope fluorescent beads was imaged (F36909 FocalCheck fluorescence microscope test 
slide #1, Invitrogen, Life Technologies, California, USA).  The point spread function (PSF) is determined fitting the 
fluorescence signal of nanobeads using a Gaussian function.  
 
Microscope Images: 
 
Skin and liver fresh biopsies from Wistar rats were imaged. For Fluorescence images, the excitation wavelength was at 
740 nm and the detection was performed in the green region, whereas for SHG the excitation was at 800 nm and the 
detection in blue region. All animal procedure was carried out in compliance with the guidelines of the Ethical Principles 
in Animal Research. Moreover, images of ChorioAllantoic Membrane (CAM) model with cells were also done. 
ChorioAllantoic Membrane of chicken eggs is one of the most widely in vivo model used for the study of angiogenesis 
and vascular endothelial behavior. It is a model that allows easier access to blood vessels and to the embryo, and is 
simple and inexpensive. This previously vascularized model can be used to develop a tumor by inserting a piece of 
biopsy or cells in culture on the membrane, with the exploitation of several cell lines for realizing this tumor model. In 
this study, the images were done with the tumor model from injection of 500 µL of fluid Ehrlich tumor developed in the 
mouse peritoneal region [11]. The assembly of a microscope that allows visualization of tumor cells in this model can aid 
the understanding of the processes of metastasis and adhesion of cells, and the efficiency of various cancer treatments. 
The upright configuration and the possibility of adaptation of the egg chicken under the microscope objective is one of 
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Figure 2: (left) Autofluorescence image of the rat skin (epidermis). It was observed the higher cytoplasm fluorescence and the lower 
cellular nucleus fluorescence. (right) Second Harmonic Generation image of the rat skin (upper dermis). The signal observed is due to 
the collagen fibers. 
 
In addition to the skin images, we performed liver imaging on Wistar rat. The autofluorescence from its hepatocytes is 
showed in Figura 3. Hepatocytes hold fluorescence, mainly due to lipopigments and flavins [13, 14]. 
 
 
Figura 3:  Autofluorescence from hepatocytes of Wistar rat liver. 
 
The Figure 4 shows the CAM with Ehrlich cells, on the egg.  The great advantage of this microscope was the possibility 
to observe in real time the interaction between cells and vessels. Acriflavine was necessary to facilitate the fluorescence 
analysis. There were areas within the tumor with cells surrounding the vessel (left) and it was possible note their 
borderlines. Moreover, we note regions where cells interacted with the vessel wall, and was possible to analyze their 
movement. 
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Figure 4: (left) Tumor cells with acriflavine surrounding the blood vessel. (right) Interaction between tumor cells and vessel. It was 
possible to detect the cells movement within the vessel lumen. 
 
4. CONCLUSIONS 
  
In this paper, the complete assembly and characterization of a custom-made non-linear microscope was presented. This 
microscope creates in vivo and ex vivo tissue images, allowing the observation of different cell lines; in like fashion, it 
performs fluorescence and second harmonic generation images. The custom-made microscope will allow the adjustment 
for imaging of in vitro, in vivo and ex vivo tissue. Further, will be incorporate others optical components and techniques 
in this system in order to improve this emerging non-invasive imaging tool.  
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